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A. Introduction

It is well known that the maintenance and adaptation of bone integrity is dependent on a complex
interaction of metabolic and environmental factors (mechanical stresses, nutritional status).
Unfortunately, the specific relationship between these factors and the biomechanical competence
of bone tissue remains incompletely quantified. As a result, strategies for preventing or
effectively treating bone fragility or enhancing general bone health are far from being optimized.
The specific goals of this research program is to contribute to two major objectives in support of
reducing the incidence of fracture:

a. The development and application of micro-imaging and testing techniques in
animal models to study bone structure function properties.
b. Exploring the influence of calcium and vitamin D metabolism and physical forces

on bone integrity.
B. Body

The progress of this research program is described below, as a function of the statements of work
that were approved by the USAMRMC. The statement of work was proposed as follows:

1. The acquisition of DBP founder mice and breeding will be performed during year 1 and 2
to produce 180 animals for testing.

2. Mechanical fabrication and calibration of all testing holders and test fixtures will be
completed during the first nine months of study. Maintenance, recalibration and
replacement of parts will continue years 2 through 4.

3. Micro CT, whole bone testing of DBP mice will be completed years 1 and 2.

4. Microspecimen production and testing of DBP bones will be completed years 2 through
3.

5. Micro CT, Whole bone testing of C57BL/6J and C3H/HeJ bones will be conducted years
1 through 3.

6. Microspecimen testing of C57BL/6J and C3H/HeJ bone will be tested years 2.5 through
year 3.5.

7. Raman imaging, SEM, and light microscopy of DBP mice bone will be conducted in
years 1 to 3.

8. Raman imaging, SEM, and light microscopy of C57BL/J6 and C3H/HeJ bone will be
tested year 2 through 3.5.

9. Final data analyses and correlations across all mice and groups will be completed during
year 4.




Since most of the tasks were described as objectives to be completed over 1 to 3 years, the
progress report can’t follow these nine tasks precisely. Instead, we have presented the specific
tasks that were proposed for completion during the second year. The tasks are outlined in
“bold”, followed by a description of the accomplishments.

The acquisition of DBP founder mice and breeding will be performed during year 1 and 2
to produce the 180 mice for testing

As noted in the progress report for year one, DBP breeder mice (4 females and 2 males) were
obtained from Dr. Nancy Cooke at the University of Pennsylvania. These mice are being used to
generate our own population of heterozygote breeders. Due to background noise, homozygous
breeders cannot be used. We have also developed protocols for genotyping the newborn mice.
We have been producing the population for the past year and performing genotyping to verify
that they are homozygote offspring. We will begin to enter these animals into the exercising and
nutrition alteration studies in the next couple months. In the original proposal we had planned to
enter the DBP mice early in the study and then follow with the other two mouse strains. In an
effort to ensure that we enter genotype verified animals in these studies, we switched the order of
the studies. As a result we are nearing completion of testing for the C57 black 6 and C3 mice
(ahead of schedule). This reorganization did not alter our overall schedule for completion of the
program, but followed a more effective experimental logic.

Mechanical fabrication and calibration of all testing holders and test fixtures will be
completed during the first nine months of study. Maintenance, recalibration and
replacement of parts will continue years 2 through 4.

All treadmill and whole bone mechanical testing systems were fabricated and calibrated during
year one. The maintenance and calibration procedures have continued during year two. During
this past year we successfully completed the fabrication of the micro-milling and micro-testing
systems. Figure 1 illustrates a parallelepiped beam machined from the cortical wall of a mouse
in comparison to a human hair to demonstrate the scale of the specimen. Four point bending of a
microspecimen is shown in Figure 2.

Figure 1 Figure 2




Figure 1: A microspecimen of cortical bone is illustrated (top) as well as a human hair. The
specimen was produced using the specialized micro-milling system fabricated for the study.

Figure 2: The microspecimens are tested in 4 point bending to failure using the micro-testing
machine illustrated above.

Micro CT and Whole bone testing of CS7BL/6 and C3H/HeJ bones will be conducted years
1 through 3

All acquisition, micro CT and whole bone testing is near complete for the C57B1/6] and
C3H/HelJ mice. This represents the largest portion of the proposed program and also represents
the majority of progress for year two of the program. To best summarize the progress, Table 1 is
extracted from our master database to provide the details for all animals entered into the studies.
As can be seen, 394 mice have been entered into the study and distributed among the
experimental groups. From each of the mice the femora and vertebral bodies have been
extracted and then scanned on the micro CT prior to mechanical testing. Table 2 illustrates the
progress for the femoral analysis. As shown, 361 femurs have been scanned and analyzed and
128 have already been mechanically tested. Table 3 illustrates progress for the vertebral
analysis. 349 vertebrae have been scanned and analyzed and the mechanical testing will begin in
the next two to three months.

Mice Completed in Study

Period 1 Period 2 Period 3 Period 4 Period 5 Period 6
(July 1-Sept 23) {(Sept 23 -Dec 9) |(Jan 6-March 24) |(March 24-June 2) |(June 2-Aug 11) (Aug 20 -)
Strain of Exercise { Male or
Mouse | Diet | (yes or no)| Female | Group 1 | Group 2| Group 3 Group 4 Group 5] Group 6}Group 7| Group 8 | Group 9 Group 10| Group 11]Group 12| Total
C57BL/6J{ low yes Male 3 0 2 [¢] 4 0 4 0 0 1 3 17
norm yes Male 0 4 0 4 0 3 0 4 2 0 17
high yes Male 1 0 4 0 3 0 4 0 1 1 3 17
C578L/6J | Jow no Male 4 0 4 0 4 0 4 0 0 0 16
norm no Male 0 4 0 4 0 4 0 4 0 0 16
high no Male 4 0 3 0 4 0 4 0 1 (4] 16
C57BL/6J | fow yes Female 0 3 0 3 0 4 0 4 1 0 15
norm yes Female 4 0 3 0 3 0 4 0 0 0 4 18
high yes Female 0 3 0 6 0 4 0 4 0 1 18
C57BL/6J | low no Female 0 4 0 4 0 4 0 4 0 0 16
norm no Female 4 [0] 2 0 4 0 6 0 0 0 16
high no Female 0 4 0 4 2 2 0 4 0 0 16
C3H/Hel | low yes Male 4 0 0 0 4 0 4 0 3 0 15
norm yes Male 0 4 0 0 0 4 0 4 0 3 1 16
high yes Male 4 0 0 0 4 0 4 0 -3 0 1 16
C3H/HeJ | low no Male 4 0 0 0 3 0 4 0 3 0 6 20
norm no Male 0 4 0 0 0 4 2 6 0 0 16
high no Male 4 0 0 0 4 0 3 0 S 0 16
C3H/Hel | low yes Female 0 4 [4] 0 0 4 0 4 0 0 6 18
norm yes Female 3 0 0 0 4 0 4 0 3 0 2 16
high yes Female 0 4 0 0 0 3 0 4 0 4 15
C3H/HeJ | low no Female 0 4 0 0 0 4 0 3 0 2 4 17
norm no Female 4 0 0 0 4 0 4 0 2 0 0 0 14
high no Female [0) 4 0 0 2 [4) 0 6 1] 2 0 3 17
43 46 18 25 49 40 S1 51 24 14 30 3 394

Table 1: Database of mice entered into studies




Femora

# # Left
Strain of Exercise | Male or mechanical # (Currently Total in
Mouse Diet | (yes or no) | Female | # scanned | # analyzed tested Euthanized| Exercising) Group
C57BL/6J jlow |yes Male 14 14 5 0 3 17
norm {yes Male 17 17 8 0 0 17
high {yes Male 14 14 5 0 3 17
C57BL/6J |low |no Male 16 16 7 0 0 16
norm |no Male 16 16 7 0 0 16
high |no Male 16 16 7 0 0 16
C57BL/6J }low |yes Female 15 15 5 0 0 15
norm |yes Female 14 14 7 0 4 18
high |yes Female 18 18 9 0 0 18
C57BL/6J [low |no Female 16 16 7 0 0 16
norm {no Female 16 16 6 0 0 16
high |no Female 16 16 8 0 0 16
C3H/HeJ jlow |yes Male 15 15 4 0 0 15
norm |yes Male 15 15 4 0 2 17
high [yes Male 15 15 4 0 2 17
C3H/HelJ |low |no Male 14 14 4 0 6 20
norm [no Male 16 16 4 0 0 16
high [no Male 16 16 4 0 0 16
C3H/HeJ |{low |yes Female 12 12 4 0 6 18
norm |yes Female 14 14 3 0 2 16
high |yes Female 15 15 4 0 0 15
C3H/HeJ |low |no Female 13 13 4 0 4 17
norm |no Female 14 14 4 0 1 15
high [no Female 14 14 4 0 3 17
total 361 361 128 0 36 397

Table 2: Database for femoral studies




# # Left
Strain of Exercise | Male or # mechanic # (Currently | Totalin
Mouse Diet | (yes or no) | Female | # scanned | analyzed | al tested | Euthanized | Exercising) Group
C57BL/6J low |yes Male 18 18 0 0 3 21
norm |yes Male 17 17 0 0 0 17
high |yes Male 13 13 §) 0 3 16
C57BL/6J low |no Male 15 15 0 0 0 15
norm |no Male 16 16 0 0 0 16
high [no Male 15 15 0 0 0 15
C57BL/6J low |}yes Female 15 15 0 0 0 15
norm fyes Female 14 14 0 0 4 18
high {yes Female 17 17 0 0 0 17
C57BL/6J low {no Female 16 16 0 0 0 16
norm |no Female 16 16 0 0 0 16
high |no Female 15 15 0 0 0 15
C3H/HeJ low “jyes - Male 11 1" 0 0 0 11
norm |yes Male 14 14 0 0 2 16
high |yes Male 14| 14 0 0 2 16
C3H/Hel low |no Male 12 12 0 0 6 18
norm {no Male 15 15 0 0 0 15
high jno Male 16 16 0 0 0 16
C3H/Hel low |yes Female 11 11 0 0 6 17
norm jyes Female 14 14 0 0 2 16
high |yes Female 15 15 0 0 0 15
C3H/HeJ low {no Female 13 13 0 0 4 17
norm {no Female 14 14 0 0 1 15
high }no Female 13 13 0 0 3 16
total 349 349 0 0 36 385

Research Results

Table 3: Vertebral database

Although preliminary, we have generated a number of findings to date from the micro CT and
mechanical analyses performed to date. The data can be summarized by the following graphs:
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Moment of inertia by Straln and Sex
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Bone Mineral Density by Strain and Sex
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For the vertebral analysis, the data can be summarized by the following tables:

Exercise Effects on Proximal Trabecular Parameters
E ; Bone Btonslilu rface Trabecular
Xercis N Volume 0 u me Thickness
) Ratio (mm)
(mm*mm?)
No 16 40.9(0.07) 30.08 (4.57) 0.074 (0.01)
1
Yes 14 41.9(0.06) 29.30 (4.44) 0.077 (0.01)
9

Data are given as mean (STD)

Fraction (%

Dietary Effects on Proximal Trabecular Parameters

Dietary Bone B&“;gﬁl rﬁge Trabecular
Calciu N Volume Thickness

m  Fraction (%) (mrif‘/ﬁ‘l’m (mm)

Low‘ 10 40.6 (0.07)* 30.29 (4.01)*  0.073

1 0.01)*
Normal 10 42.8 (0.07)* 29.18 (5.26)*  0.078
9 (0.02)*
High 1040.6 (0.06)* 29.69 (4.07)*  0.075
0 (0.01)*
Data are given as mean (STD) * Significant, p = 0.05

C. Key Research Finding

* Micro-milling and micro-testing systems fabricated and functioning

* 394 mice entered into study to evaluate effects of gender, strain, nutrition and exercise on
morphology and mechanical properties of bone

 DBP m ice colony is nearing completion and will be entered into exercise protocols.

» Mouse strain had a significant effect on femoral geometric parameters. C57BL/6J mice
had a significantly smaller cross-sectional area and cortical thickness as compared to the
C3H/HeJ mice.

» Exercise did not have a significant effect on any of the femoral geometric parameters.

e In vertebra, the normal dietary calcium group had a significantly higher bone volume
fraction as compared to the low (p=0.003) and high (p=0.003) groups. The bone surface to
volume ratio of the normal group was shown to be significantly lower than the low dietary
calcium group (p=0.030), however no significant differences were seen between any of the
other groupings.

e In vertebra, the normal dietary calcium group had a significantly higher trabecular
thickness as compared to the low group (p<0.000) and marginally significant as compared
to the high (p=0.051) group.

13



D. Reportable Outcomes

An abstract was submitted for presentation to the 50" Orthopaedic Research Society Meeting to
be held in San Francisco in March 2004. The title of the abstract is:

Influence of nutrition and physical forces on bone structure/function properties.
*Kriegl, JM, *Oyserman, S, *Roller, SA, *Blumenfeld J, *Volkman SK, *Nashi S, *Hall JM,
*McCreadie, BR and *Goldstein, SA.

E. Conclusions

The second year of work has been very successful and productive. We have entered and
analyzed a very large number of animals in to the study and have maintained the timetable
originally proposed in the program. The first data of femoral and vertebral bone demonstrate
significant effects of mouse strain and dietary calcium levels. The studies have also
demonstrated the ability of the micro-imaging and testing protocols to determine the effects of a
variety of factors on bone structure and function properties.

F. References
None

G. Appendices

We have included the mouse census database for all animals entered into the studies.
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